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Description 

BACKGROUND OF THE INVENTIQNI 
Field of the Invention 



The present invention relates loan image input/out- 
put apparatus and, more particularly, to an Image In- 
put/output apparatus which can attain two-dimensional 
image input (reading) and output (display) operations. 

Related Background Art 

As a conventional portable image input/output ap- 
paratus, a combination of an image input device such as 
a one-dimensional handy scanner, a one-dimensional 
Image reader, or the like, and an image output devrce 
such as a liquid crystal display is popularly used. How- 
ever, in such a portable image input/output apparatus, a 
user who operates a one-dimensional image input unit 
as an image input device must manually move the image 
input unit atong an original, or an original must be me- 
chanically scanned relative to the Image input unit. 

However, when a manual scanning operation is per- 
formed, the scanning speed of the image input unit rel- 
ative to the original Is often improper or nonuniform, and 
a reading error often occurs, resulting in poor ope rability. 
When a mechanical scanning operation is performed, al- 
though a proper and constant scanning speed can be 
obtained, the scanning device becomes targe in size, 
and the consumption power increases. In either case, 
since the scanner is required in addition to the display 
device, problems associated with a complicated struc- 
ture and high cost as a portable apparatus, and a prob- 
lem associated with portability remain unsolved. 

Under these circumstances, a method of performing 
an original reading operation and an image display op- 
eration by utilizing a two-dimensional image input device 
and an image output device such as a two-dimensional 
liquid crystal display has been proposed. 

For example, Japanese Laid-Open Patent Applica- 
tion No. 4-282609 describes an input/output integrated 
Information processing equipment, in which an Image in- 
put unit having an image sensor formed on a first trans- 
parent substrate, and an image output unit having a sec- 
ond transparent substrate formed with TFTs and trans- 
parent driving electrodes, color filters, anda liquid crystal 
are integrally stacked. This patent application also de- 
scribes input of desired information by utilizing reflectk>n 
of light at a pen tip, or using a pen having a light source 
in its pen tip. 

Japanese Laid-Open Patent Application No. 
5-244346 describes an image processing apparatus in 
which a display device constituted by a liquid crystal dis- 
play as an Image output unit and a backlight is arranged 
on the rear surface of an image Input unit comprising an 
amorphous silicon array two-dimensional optical sensor 
as reading means, and light emitted by the backlight is 
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used in an image reading operatbn. 

In addition, since each of these apparatuses has a 
single image input/output surface, as shown in Fig. 1 , an 
apparatus 30 must be reversed to face down and placed 
s on an original 20 to read the original 20. Furthennore, in 
order to display the read image and visually observe the 
displayed image, the apparatus 30 must be reversed to 
face up, so that an image Input/output surface 110 can 
be visually obsen/ed. 
10 Even when an original reading operation is per- 
formed by reversing an original to face down and placing 
it on the image input/output surface of the apparatus 
without reversing the apparatus to face down, an oper- 
ator must remove the read original from the surface of 
IS the apparatus so as to display the read image and visu- 
ally observe the displayed image. 

In this manner, when a single surface serves as both 
image input and output surfaces, the entire image input 
apparatus must be reversed to face up or down every 
so time image input and output operations are performed. 

When a region to be read of, e.g., an original is equal 
to or almost equal to the input region of the image input 
unit, since the entire apparatus is reversed to face down, 
it is difficult to set the region to be read to fall within the 
S5 input region. As a result, the input and display operations 
must be alternately repeated to confirm the input image. 

Furthermore, when a region to be read of, e.g., an 
original has a low contrast or a low chromatic contrast, 
confirmation of the read information must often be re- 
30 quired similarly. In this case, the operation for reversing 
the entire apparatus must also be repeated until an op- 
timal input is attained. 

SUMMARY OF THF INVENTION 

35 

It is an object of the present invention to provide an 
Image input/output apparatus which can attain size and 
cost reductions of the entire apparatus. 

It is another object of the present Invention to provide 
40 an image input/output apparatus which can read an im- 
age while confirming image information read by an Im- 
age input unit or Image information to be read on an orig- 
inal. 

It Is still another object of the present invention to 
45 provide an image input/output apparatus which can dis- 
play image information read by an image input unit on 
an image output unit in real time. 

It is still another object of the present invention to 
provrcfe an image Input/output apparatus which has re- 
so markably Improved operability as compared toa conven- 
tional apparatus. 

It Is still another object of the present invention to 
provide an image Input/output apparatus which has a 
so-called electronic loupe function for displaying the read 
55 \mage in an enlarged scale. 

It Is still another object of the present invention to 
provide an image Input/output apparatus which can at- 
tain size and cost reductions of the entire apparatus 
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since a two-dimensional image input unit (reading 
means) is disposed on one surface, and a two-dimen- 
sional image output unit (display means) is disposed on 
the other surface as a rear surface with respect to the 
one surface, and which can be placed on an original with 
an image input surface facing down and an image output 
surface facing up. and can display read image informa- 
tion on the image output surface that faces up since the 
image input and output surfaces are different from each 
other, thus greatly improving operability. 

It is still another object of the present invention to 
provide an image input/output apparatus which compris- 
es a two-dimensional Image input unit disposed on one 
surface, an image processing circuit for processing an 
image input by the image input unit, and a two-dimen- 
sional image output unit disposed on the other surface 
opposite to the one surface. 

BRIEF PgSnRIPTIONI OF TM P DRAWINirSR 

Fig. 1 is a perspective view for explaining a conven- 
tional image input/output apparatus and the princi- 
ple of its use; 

Figs. 2 and 1 0 are respectively partially cutaway per- 
spective views for explaining the preferred embodi- 
ments of the present Invention; 



Fig. 1 3 is a timing chart for explaining one preferred 
operation of the image input unit of the present 
invention; and 

Figs. 14 and 15 are plan views for explaining the 
mounting states of the image input unit of the 
present invention. 

DETAILED DFSCRIPTIOM O F THE PRFFPR Pi^n 
EMBODIMENTS ^ 

The preferred embodiments of the present invention 
will be described hereinafter with reference to the ac- 
companying drawings. 
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Figs. 3A to 3C and Figs. 5A and 58 are perspective 
views for explaining the driving state of an image 
input/output apparatus of the present invention; 

Fig. 4 is a flow chart for explaining an example of the 
flow that can be applied to the present invention; 

Fig. 6 is a flow chart for explaining an example of 
image processing that can be applied to the present 
invention; 

Fig. 7 is a view for explaining an example of data In 
a memory; 

Figs. 8 and 9 are sectional views for explaining an 
Illumination device (light source) which can be 
applied to an image input/output apparatus of the 
present invention; 

Fig. 11 is a schematic circuit diagram of an image 
input unit which can be applied to the present inven- 

tion; 

Fig. 12A is a plan view for explaining one preferred 
arrangement of one pixel in an image input unit of 
the present invention; 
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Fig. 12B is a sectional view of the pixel in the Image 
input unit taken along a line 128 - 12B in Fig. 12A; 
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[First Embodiment] 

Fig. 2 is a partially cutaway perspective view of an 
image input/output apparatus according to the first em- 
bodiment of the present invention, and Figs 3A to 3C 
are perspective views showing the states of an original 
and the image input/output apparatus in an original read- 
ing state. 

In an image input/output apparatus 30 of this em- 
bodiment shown in Fig. 2, an image output unit 1 such 
as a liquid crystal display is disposed facing up in Fig 2 
on the upper surface of the apparatus, and a backlight 2 
for Illuminating the liquid crystal display from the back 

surfacesideisdisposedonthebacksurface of the image 
output unit 1 . On the lower surface of the apparatus an 
image input unit 3 such as a two-dimensional image sen- 
sor which is constituted by forming an amorphous silicon 
sensor on a transparent substrate is disposed facing 
down in Fig. 2. A reading light source 4 for illuminating 
an original surface via portions between adjacent ones 
of amorphous silicon sensor elements is disposed on the 
back surface of the image input unit 3. 

Spaces are respectively formed between the image 
output unit 1 and the backlight 2. and between the image 
input unit 3 and the reading light source 4. Note that 
these spaces are formed to uniformly guide light beams 
from the respective light sources. If sufficiently uniform 
Illumination is attained, these spaces may be omitted or 
light guide members may be arranged to attain further 
uniform illumination, as needed. 

The backlight 2 and the reading light source 4 are 
attachedtoa partition portion 5 extending from a housing 
8 to separate the image output unit 1 side and the image 
input unit 3 side from each other. However, the partition 
portion 5 is not always necessary. 

The image inpuVoutput apparatus 30 has a key- 
board portion 6. at which the power switch of the appa- 
ratus 30 can be turned on/off. and respective functions 
for the reading and display operations can be selected 
and executed. A circuit portion 7 is arranged in the ap- 
paratus 30. When the apparatus 30 has a power supply 
such as a battery, the circuit portion 7 includes an Image 
processing unit, a memory, and a controller including an 
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IC for drive-controlling the respective functions or units, 
which are driven by utilizing the power supply. 

Of course, the power supply may be supplied from 
an external device, and a voltage adjustment circuit may 
be arranged as needed. 

On the other hand, the apparatus 30 may be driven 
by not only an instruction from the keyboard portion 6 but 
also a command from an external apparatus such as a 
computer. In response to Instructions from the keyboard 
portion 6 or external commands, required display oper- 
ations such as enlargement/reduction, movement, con- 
trast change, color change, and reversal of a read and 
displayed image can be realized, and the display and 
reading conditions can be changed or switched. 

As the light sources of the backlight 2 and the read- 
ing light source 4, a solid-state light-emitting device such 
as an LED, EL, or the like, a discharge tube such as a 
fluorescent lamp, xenon discharge tube, or the like, or 
various other light sources such as a halogen lamp, may 
be used. These light sources are appropriately selected 
depending on the size and weight of the apparatus 30 
and the required brightness of the light sources. 

For example, when the backlight 2 comprises a dis- 
charge tube, and the reading light source 4 comprises 
an LED, the backlight 2 can receive a power supply volt- 
age from an illumination light source having, e.g.. an in- 
verter circuit, and the reading light source 4 can receive 
a power supply voltage from a DC power supply. 

The state, during the driving operation, of the image 
input/output apparatus will be described below with ref- 
erence to Figs. 3A to 3C. 

Fig. 3A shows a state wherein an image (characters 
in this case) written on an original 20 is read by the image 
input unit 3 having a two-dimensional image sensor on 
one surface (lower surface) of the image input/output ap- 
paratus 30, and at the same time, the read information 
is displayed on the image output unit 1 having a display 
on the other surface (upper surface) of the image in- 
put/output apparatus 30. 

Fig. 3B explains the same state as that shown in Fig. 
3A. As shown in Fig. 3B, the displayed contents change 
by moving the image input/output apparatus 30 relative 
to the original 20. 

Fig. 3C shows a state wherein information read by 
the image input unit 3 is displayed in an enlarged scale 
on the image output unit 1 upon operation of, e.g., the 
keyboard portion 6. This state corresponds to an elec- 
tronic loupe (i.e., a loupe for enlarging an image not op- 
tically but electrically) state since an image on the origi- 
nal 20 is displayed in an enlarged scale. In this mode as 
well, the displayed image normally changes by moving 
the image input/output apparatus 30 relative to the orig- 
inal 20. 

A use example will be described in more detail betow 
with reference to Figs. 3A to 3C and Fig. 4. Fig. 4 Is a 
flow chart that can be applied to the image input/output 
apparatus of this embodiment. 

The image input/output apparatus 30 is placed on 



the original 20 to be read. A power switch 8 is turned on. 
and a "reading" key on the keyboard portion 6 is de- 
pressed. Fig. 3A shows the state at this time. 

The position of the image input/output apparatus 30 
5 is finely adjusted to the position of a character to be dis- 
played in an enlarged scale. 

Fig. 3B shows this state. In Fig. 38. the position of 
the apparatus is adjusted to that of a letter "C". 

Then, an "enlargement" key on the keyboard portion 
10 6 is depressed once. In response to this operation, the 
letter "C" displayed on the image output unit 1 is dis- 
played in a x2 scale. Fig. 3C shows this state. 

Such a series of operatk>ns of Fig. 3A ~> Fig. 38 -> 
Fig. 3C can be expressed by the flow of a two-dimen- 
is sional image input operation (a) -> image processing 
"enlargement" (c) -> a two-dimensional image output op- 
eration (e) in the flow chart in Fig. 4. 

The operation of the apparatus of this embodiment 
will be further described with reference to Figs. 5A and 
20 58. Figs. 5 A and 58 are perspective views. 

A case will be exemplified below wherein the elec- 
tronic loupe function is applied to a still image, i.e., a read 
image is temporarily stored in a memory, is subjected to 
image processing, and the processed innage is displayed 
25 on the image output unit 1 again. 

As in a case wherein the electrons toupe function is 
applied to a dynamic image, the power switch is turned 
on, the "reading" key on the keyboard portion 6 is de- 
pressed, and the position of the apparatus on the original 
30 IS finely adjusted. The state at this time corresponds to 
Fig. 38, and the position of the image input/output appa- 
ratus is adjusted to that of the letter "C". 

Then, a "memory" key on the keyboard portion 6 is 
depressed. The read image is then stored in the memory. 
35 In this state, a "memory display" key on the keyboard 
portion 6 is depressed. With this operation, the image 
stored in the memory is displayed on the image output 
unit 1 . Fig. 5A shows the state at this time. 

In the state shown in Fig. 5A, the "enlargement" key 
40 on the keyboard portion 6 is depressed. In response to 
this operation, the letter "C" displayed on the image out- 
put unit 1 is displayed in a x2 scale. Fig. SB shows the 
state at this time. In this state, the "memory" key ori the 
keyboard portion 6 is depressed again. Since the en- 
45 larged letter "C" is stored in the memory even after the 
power switch is turned off, it can be re-displayed after 
the power switch is turned on again. 

Such a series of operations of Fig. 3A Fig. 5A 
Fig. 5B can be expressed by the flow of a two-dimen- 
50 sional image input operation (a) -> memory (b) -> image 
processing "enlargement" (c) memory (d) -> a two-di- 
mensional image output operatbn (e) in the flow chart in 
Fig. 4. 

The image processing "enlargement" in step (c) 
55 shown in Fig. 4 will be described below. 

Fig. 6 is a flow chart showing the image processing 
"enlargement". In the following description, a case will 
be exemplified wherein 400 x 400 pixels are two-dimen- 
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sionally arranged on the image input and output units at 
a density of 5 x 5 pixels per 1 -mm2 square, and 400 x 
400 data (i.e.. DAT(1. 1) to DAT(400. 400) are stored in 
the memory for storing image data, as shown in Fig. 7. 

In Fig. 6, when the apparatus of this embodiment is 
used as an electronic loupe, i.e., when the "enlargement" 
switch is depressed, the 400 x 400 data in the memory 
are changed on the basis of the flow chart in Fig. 6. 

More specifically, when the equal-magnification dis- 
play mode is selected, since no enlargement is per- 
formed In the image processing (S1). NO is determined 
in the enlargement discrimination step (S2). and 
equal-magnification processing is selected (S3). Then, 
the input data is used as output data (S4). 

When the enlargement display mode is selected (to 
be enlarged to a x2 scale), since YES is determined in 
the enlargement discrimination step (S2). it Is checked if 
m is an odd or even number (S5). Since it is checl^ed in 
Fig. 6 if m is an odd number, if m is an even number, the 
flow advances along NO, and it Is then checked if n is an 
odd number (S6). If n is an even number, data is con- 
verted In accordance with a formula in step S7; If n is an 
odd number, data is converted in accordance with a for- 
mula in step S8. 

On the other hand, if m is an odd number, YES is 
determined In step S5. Similarly. It is checked if n is an 
odd number (S9). If n Is an even number, data is con- 
verted in accordance with a formula in step 810; if n is 
an odd number, data is converted in accordance with a 
formula in step S11 . 

In this manner, different conversion formulas are 
used depending on whether m and n are even or odd 
numbers, and data DAT (m, n) in the m-th row and n-th 
column is determined by one of four conversion formu- 
las, as shown in Fig. 6. As a result. 100 x 100 data in 
two-dimensional data are enlarged to x2 in both the X- 
and Y-axis directions. 

Of course, the above-mentioned processing can be 
appropriately changed depending on the magnification 
or the number of pixels, and the present invention is not 
limited to the above-mentioned processing method. 

The preferred arrangement of the backlight 2 and 
the reading light source 4 shown in Fig. 2 will be ex- 
plained below. 

Fig. 8 is a schematic view for explaining a two-di- 
mensional illumination device which can be applied to 
this embodiment. The illumination 6evtce shown in Fig 
8 comprises a light guide plate 120 such as an aciylic 
plate, a light source 121 such as a fluorescent lamp and 
a reflection plate 140. 

Light emitted by the light source 121 is incident into 
the light guide plate 120. The light Incident into the light 
guide plate 120 propagates while being reflected by the 
inner surfaces of the light guide plate 120. and also 
emerges from the light guide plate 120 The light com- 
ponents emerging from the light guide member 120 and 
Irradiated onto an object to be illuminated are effectively 
used, but light components emerging In other directions 



do not serve as effective light. Thus, as shown in Fig 8 
the reflection plate 1 40 is preferably disposed on the sur- 
face, opposite to the object to be illuminated, of the light 
guide plate. With this structure, the light is reflected by 
5 the reflection plate 140, and illuminates the object to be 
illuminated via the light guide plate 120. 

The reflection plate 140 is not always necessary. For 
example, if the surface on which the light guide plate 1 20 
Is disposed (in this embodiment, the surface of the par- 
10 tition portion 5) sufficiently contributes to light reflection 
(e.g., a white surface or a high-luminance surface), the 
reflection plate 1 40 may be omitted. 

On the other hand, the reflection plate 140 may be 
directly formed on the surface, opposite to the object to 
'5 be illuminated, of the light guide plate 120. 

The position of the light source 121 such as a fluo- 
rescent lamp is not limited to one side, as shown in Fig 
8. For example, the light source 121 may also be ar- 
ranged on the opposite side, or may be arranged in cor- 
20 respondence with all the four sWes. In place of the fluo- 
rescent lamp, a large number of LEDs may be arranged, 
or LED chips may be arranged on the surface of the light 
guide plate. 

Fig. 9 is a sectional view for explaining the preferred 
2S arrangement of the light source as an embodiment of the 
surface light source shown in Fig. 8. 

'n Fig. 9, light sources 121 such as fluorescent 
lamps are disposed on two sides (or four sides) of the 
light guide plate 120. Reflectors 141 are arranged 
30 around the light sources 1 21 . so that light emitted by the 
light sources 121 can be effectively used. Note that the 
image output unit 1 or the image input unit 3 as the object 
to be illuminated is disposed, as indicated by broken 
lines in Fig. 9. 

3s Fig. 9 shows an example wherein a light exit surface 
160 of the light guide plate 120 has a light diffusion regran 
130. With this structure, emerging light can become a 
further uniform one. The light diffusion regbn 130 may 
be formed in the light guide plate 1 20 or may be realized 
40 using another sheet. The light diffusbn region 1 30 can 
be formed by changing the composition of materials or 
using a material containing particles for diffusion or par- 
ticles of a material with a different refractive Index. 

As described in detail above, in this embodiment, 
since the image output unit is disposed on one surface 
side, and the image input unit is disposed on the opposite 
surface side, a desired portion of an original can be easily 
input. 

As described above, even when the apparatus has 
so a loupe function of displaying an image such as a char- 
acter on an original in an enlarged scale, a desired por- 
tion can be easily displayed in an enlarged scale. 

In addition, since the image Input unit and the image 
output unit are disposed on the opposite surfaces, a 
55 compact and portable image input/output apparatus can 
be realized. 

Furthermore, since special-purpose light sources 
are provided to the image input unit and the image output 
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unit, optimal Illumination suitable for reading and display 
characteristics can be realized. 



[Third Embodiment] 



[Second Embodiment] 

Fig. 1 0 is a partially cutaway perspective view show- 
ing an image input/output apparatus according to anoth- 
er embodiment of the present invention. 

In an image input/output apparatus 30 of this em- 
bodiment, neither the reading light source nor the back- 
light are provided to an image input unit 3 and an image 
output unit 1. In this embodiment, an illumination device 
common to the image Input unit 3 and the Image output 
unit 1 is used. 

More specifically, in this embodiment, a light source 
121 such as a fluorescent lamp and a light guide plate 

120 are arranged, and light emitted by the light source 

1 21 is guided via the light guide plate 120, as described 
above. In this case, light emerging from one surface of 
the light guide plate 1 20 is used for the image input unit, 
and light emerging from the other surface of the light 
guide plate 120 is used for the image output unit. 

However, since light emerging for the image Input 
unit IS reflected by the surface of an original such as pa- 
per, some light components can be used as illumination 
light for illuminating the image output unit via the light 
guide member. 

Therefore, when no image reading operation is per- 
formed, e.g., when a stored image is displayed, the im- 
age inpuVoutput apparatus is placed on an original, if 
possible, on a blank sheet of paper where no character 
or the like is written, thus obtaining a brighter displayed 
image. 

The dual-surface light source 121 Is not limited to 
that of this embodiment. For example. EL or LED light 
sources, which can attain a low-profile structure and can 
illuminate two surfaces, may be two-dimensionally ar- 
ranged. 

Also, various other arrangements may be available. 
For example, LEDs may be arranged on the two surfaces 
of a board or may be arranged on one surface of a trans- 
parent substrate. 

Since the operatron of this embodiment is substan- 
tially the same as that described in the first embodiment, 
a detailed description thereof will be omitted. 

As described above, since this embodiment uses a 
light source common to the image input unit and the im- 
age output unit, a further size reduction can be realized. 
Since a common light source is used, consumption pow- 
er can be saved, and the capacity of a battery and the 
size of a power supply circuit can be reduced, thus con- 
tributing to size reductions of the entire apparatus. If the 
battery capacity remains the same, size reductions of the 
circuit and the light source can be realized, or the appa- 
ratus can be driven for a longer period of time. 



A preferred embodiment of an image input unit that 
can be utilized In the present invention will be described 
s below with reference to the accompanying drawings. 

Fig. 11 Is a schematic circuit diagram of an image 
input unit which can be applied to the image inpuVoutput 
apparatus of the present invention, Fig. 12A is a plan 
view of elements constituting one pixel in the image input 
10 unit, and Fig. 12B is a sectional view taken along a line 
12B - 12B in Fig. 12 A. The circuit shown in Fig. 11 In- 
cludes photoelectric conversion elements S11 to S33 
each having a lower electrode G and an upper electrode 
D. The circuit shown in Fig. 11 also Includes capacitors 
'5 C 1 1 to C33, and transfer TFTs (thin film transistors) T1 1 
to T3a A reading power supply Vs and a refresh power 
supply Vg are connected to the G electrodes of the pho- 
toelectric conversion elements S11 to 833 via switches 
SWs and SWg. respectively. TTie switch SWs is connect- 
20 ed to a refresh control circuit RF via an inverter, and the 
switch SWg is directly connected tothe circuit RF During 
the refresh period, the switch SWg is turned on. and dur- 
ing other periods, the switch SWs is turned on. One pixel 
IS constituted by a photoelectric conversion element a 
2S capacitor, and a TFT, and the signal output of the circuit 
for one pixel is connected to a detection Integrated circuit 
IC via a signal wiring line SIG. 

A reading signal is input to an amplifier via switches 
Ml to M3 which are turned on/off by a signal from a shift 
30 register SR2 in the detection Integrated circuit IC via con- 
trol wiring lines si to s3, and is finally output from a ter- 
minal Vout. 

A shift register SRI Is connected to control wiring 
lines g1 to g3. which are connected to the gate lines of 
3S the TFTs Til ton 3. 

In a photoelectric conversion device of this embod- 
iment, a total of nine pixels are divided into three blocks, 
outputs from three pixels of each block are simultane- 
ously transferred, and these outputs are sequentially 
40 converted into the detection integrated circuit into output 
signals via the signal wiring lines. Then, the output sig- 
nals are output, in Fig. 1 1 . the pixels are two-dimension- 
ally arranged by arranging three pixels in one block in 
the horizontal direction in Fig. 1 1 and arranging the three 
4S blocks in turn in the vertical direction In Fig. 1 1 . 

The operation of the photoelectric conversion device 
of this embodiment will be exemplified below with refer- 
ence to Figs. 11 and 13. Fig. 13 Is a timing chart for ex- 
plaining the operation of this embodiment. 
^0 The shift registers SRI and SR2 apply Hi signals to 
the control wiring lines g1 togSandsl tos3. In response 
to these signals, the transfer TFTs Til to T33 and switch- 
es Ml to M3 are turned on and are electrically connected 
to each other, and the D electrodes of all the photoelec- 
55 trie conversion elements S11 to S33 are set at the GND 
potential (since the input terminal of an integration de- 
tector Amp is designed to be the GND potential). At the 
same time, the refresh control circuit RF outputs a Hi sig- 
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nal to turn on the switch SWg, arid the G electrodes of 
all the photoelectric conversion elements S11 to S33are 
set at a positive potential by the refresh power supply 
Vg. All the photoelectric conversion elements S11 to S33 
are set In the refresh mode, and are refreshed. Then, the 
refresh control circuit RF outputs a Lo signal to turn on 
the switch SWs, and the G electrodes of all the photoe- 
lectric conversion elements S11 to S33 are set at a neg- 
ative potential by the reading power supply Vs. All the 
photoelectric conversion elements S11 lo S33 are set in 
the photoelectric conversion mode, and at the same 
time, the capacitors C11 to C33 are initialized. 

In this state, the shift registers SR1 and SR2 apply 
Lo signals to the control wiring lines g1 to g3 and si to 
s3. In response to these signals, the transfer TFTs Til 
to T33 and the switches Ml to M3 are turned off. and the 
D electrodes of all the photoelectric conversion elements 
S11 to S33 become open in a DC manner. However, the 
potentials are held by the capacitors C11 to CI 3. 

However, since no illumination light is incident at this 
time, no light is incident on the photoelectric conversion 
elements S11 to S33, and no pholocurrents flow. In this 
state, if illumination light Is output as light pulses or con- 
tinuous light, and is Irradiated onto an original, light re- 
flected by the original Is incident on the photoelectric con- 
version elements S11 to S33. This light includes infor- 
mation of an image on the original. Photocurrents which 
flow in response to this light are stored in the capacitors 
C1 1 to C33 as charges, and are held after the irradiation 
of the Incident light. 

The shift register SRI applies Hi control pulses to 
the control wiring line g1 . and signals v1 to v3 are se- 
quentially output via the transfer TFTs T11 to T13 and 
the switches Ml to M3 in response to control pulses ap- 
plied from the shift register SR2 to the control wiring lines 
s1 to s3. Simllariy, other optical signals are output under 
the control of the shift registers SRI and SR2. Thus, the 
two-dimensional information on the original is obtained 
as signals v1 to v9. A still image can be obtained by the 
above-mentioned operation. In order to obtain dynamic 
image Information, the above-mentioned operation Is re- 
peated. 

A portion surrounded by a broken line in Fig. 11 is 
formed on a single large-area insulating substrate. Fig. 
12A Is a plan view of a portion corresponding to the first 
pixel in the portion surrounded by the broken line in Fig. 
11. The pixel shown in Fig. 12A includes the photoelec- 
tric conversion element S1 1 . the TFT Til . the capacitor 
Oil , and the signal wiring line SIG. In this embodiment, 
the capacitor 011 and the photoelectric conversion ele- 
ment S11 are not Independently element-Isolated, and 
the capacitor 011 is simultaneously (integrally) formed 
by increasing the area of the electrode of the photoelec- 
tric conversion element 811. This structure can be real- 
ized since the photoelectric conversion element and the 
capacitor have the same layer structure. 

Fig. 12B Is a sectional view taken along a broken 
line12B-12B in Fig. 12A. 



As shown in Fig. 1 2B, a passivation silicon nitride 
film SIN Is formed on the upper portkyi of the pixel. 

Note that the silicon nitride film need not always 
have a stoichiometric composition. Also, otherfilms such 

5 as a silicon oxide film, a silicon cartside film, and the like 
may be used as long as they can be used as a passiva- 
tion film. 

The structure shown in Fig. 128 includes a lower 
electrode 102 consisting of, e.g.. Cr, an Insulating layer 

10 107 consisting of, e.g., SiN, an i-type photoelectric con- 
version semiconductor layer 104. an n-type hole injec- 
tion prevention layer 105. and an upper electrode 106. 

The I-type photoelectrk; conversk>n semiconductor 
layer 104 preferably consists of amorphous silicon con- 

is taining hydrogen. However, other semiconductor mate- 
rials such as amorphous silicon containing a crystallite 
material, crystallite silicon, polycrystalline silicon, and 
the like may be used as long as they can constitute a 
TFT Furthermore, these semiconductor materials pref- 

20 erably contain hydrogen atoms. Alternatively, semicon- 
ductor materials may contain halogen atoms or both hy- 
drogen and halogen atoms. 

In Fig. 12B, original Illumination light is Irradiated 
from the rear surface side (the lower side in Fig. 1 2B) of 

2S the photoelectric conversion element portion onto an 
original, and light reflected by the original is incident on 
the photoelectric conversbn element. 

The operation of this embodiment will be described 
below with reference to Fig. 12B. In the refresh nrKxJe, 

30 an electric field is applied to guide holes from the semi- 
conductor layer 104 toward the upper electrode 106. In 
the photoelectric conversion mode, an electric field is ap- 
plied to cause holes generated In the semiconductor lay- 
er 1 04 to stay therein and to guide electrons toward the 

3S upper electrode 106. In this photoelectric conversion 
mode, the holes stored in the semiconductor layer 104 
or the electrons guided to the upper electrode side are 
detected. 

In this embodiment, since the G electrodes of the 
40 photoelectric conversion elements are connected to 
common wiring lines, and the common wiring lines are 
controlled to be at the potentials of the refresh power 
supply Vg and the reading power supply Vs via the 
switches SWs and SWg, all the photoelectric converston 
4S elements can be simultaneously switched between the 
refresh mode and the photoelectric conversion mode. 
For this reason, optical outputs can be obtained using 
one TFT per pixel without requiring any complicated con- 
trol. 

so In this embodiment, nine pixels are two-dlmenslon- 
ally disposed in a 3 x 3 matrix, and the image pickup and 
display operations are attained by simultaneously driving 
three pixels each at three time-divisional timings. How- 
ever, the present inventran Is not limited to this arrange- 
rs ment. For example. 2,000 x 2,000 pixels may be two-dl- 
mensionally disposed at a density of 5 x 5 pixels per 
1 -mm^ area, thus realizing a 40 cm x 40 cm Image input 
unit. 



7 



13 EP 0 698 992 A2 14 



Figs. 1 4 and 1 5 show the mounting states of an im- 
age input unit having 2,000 x 2,000 pixels. For example, 
when an Image input unit having 2.000 x 2.000 pixels is 
to be realized, the number of elements surrounded by 
the broken line in Fig. 11 need only be increased in both 
the vertical and horizontal directions. In this case, the 
number of control wiring lines is increased to 2,000 (lines 
g1 to g2000), and the number of signal wiring lines SIG 
is also increased to 2.000 (lines sigl to sig2000). The shift 
register SRI and the detection integrated circuit IC must 
have a large scale since they must perform control and 
processing of 2.000 lines. If the shift register and the in- 
tegrated circuit are realized by one-chip elements, the 
scale of one chip becomes very large, and such an ele- 
ment is disadvantageous In terms of yield and cost in the 
manufacture. Thus, as the shift register SRI , one chip is 
formed per 100 stages, and a total of 20 shift registers 
(SRI -1 to SRI -20) are used. Also, as the detection inte- 
grated circuit, one chip is formed per 1 00 processing cir- 
cuits, and a total of 20 Integrated circuits (IC1 to tC20) 
are used. 

In Fig. 14, 20 chips (SR1-1 toSR1-20) are mounted 
at the left side (L). 20 chips are mounted at the lower side 
(D), and 100 control wiring lines and 100 signal lines per 
chip are connected to each chip by wire bonding. A por- 
tion surrounded by a broken line in Fig. 14 corresponds 
to the portkjn surrounded by the broken line In Fig. 11. 
Also, connections to an external circuit are not shown in 
Fig. 14. Furthermore, the elements SWg, SWs, Vg, Vs, 
RF, and the like are not shown in Fig. 1 4. Twenty outputs 
(Vout) are obtained from the detection integrated circuits 
IC1 to IC20. These outputs may be connected to a single 
line via a switch or the like, or the 20 outputs may be 
directly output and may be subjected to parallel process- 
ing. 

Fig. 15 shows another embodiment. In Fig. 15, 10 
chips (SR1-1 to SRI -10) are mounted at the left side (L), 
10 chips (SRI -11 to SRI -20) are nx5unted at the right 
side (R). 10 chips (IC1 to IC10) are mounted at the upper 
side (U), and 10 chips (IC11 to IC20) are mounted at the 
lower side (D). In this arrangement, since 1 ,000 wiring 
lines each are distributed to the upper, lower, left, and 
right sides (U, D, L, R), the wiring density of each side is 
further reduced, and the wire bonding density of each 
side is also reduced, thus further Improving the yield. The 
wiring lines are distributed in such a manner that lines 
g1> g3. g5..... g1999 are distributed to the left side (L). 
and lines g2, g4, g6,..., g2000 are distributed to the right 
side (R). That is, the odd-numbered control lines are dis- 
tributed to the left side (L), and even-numbered control 
lines are distributed to the right side (R). With this ar- 
rangement, since the wiring lines are extended and con- 
nected at equal intervals, the wiring lines can be prevent- 
ed from being concentrated at high density, thus further 
improving the yield. Similarly, the odd- and even-num- 
bered wiring lines can be similarly distributed to the up- 
per side (U) and the lower side (D). Although not shown, 
as still another embodiment, the wiring lines may be dis- 



tributed in such a manner that lines g1 to glOO, g201 to 
g300..... g1B01 to g1900 are distributed to the left side 
(L), and lines glOl to g200, g301 to g400,..., g1901 to 
g2000 are distributed to the right side (R). More spec if i- 

s cally, continuous control lines may be distributed to each 
chip, and sets of continuous control lines are alternately 
distributed to the left and right sides (L, R). With this ar- 
rangement, one chip can be continuously controlled, and 
the driving timings of the apparatus can be easily deter- 

10 mined. In addition, since the circuit need not be made 
complicated. IC chips with lower cost can be used. Sim- 
ilarly, the wiring lines can be continuously distributed in 
units of chips to the upper side (U) and the bwer side 
(D). and a circuit with bwer cost can be used since con- 

15 tinuous processing can be realized. 

In both Figs. 14 and 15, after the circuit surrounded 
by the broken line is formed on a single board, chips may 
be mounted on the board, or a circuit board correspond- 
ing to the portion surrounded by the broken line and chips 

20 may be mounted on another large board. Alternatively, 
chips may be mounted on a flexible board, and the flex- 
ible board may be adhered and connected to the circuit 
board corresponding to the portion surrounded by the 
broken line. 

25 It Is difficult to manufacture a large-area image input 
unit having a very large number of pixels in complex 
processes using conventional photosensors. However, 
the number of manufacturing processes for the image 
input unit according to the present invention is small 

30 since the respective elements can be simultaneously 
formed by utilizing common films in simple processes. 
Therefore, a large-area, high-performance image input 
unit can be manufactured with high yield and low cost. 
Since a capacitor and a photoelectric conversion ele- 

35 ment can be arranged in a single element, the number 
of elements can be halved in practice, thus further im- 
proving the yield. 

Note that the photoelectric conversion element is not 
limited to the above arrangement. For example, the ar- 

40 rangement of the photoelectric conversion element can 
be appropriately modified as long as the element com- 
prises a first electrode layer, an insulating layer for pre- 
venting migration of holes and electrons, a photoelectric 
conversion semiconductor layer, and a second electrode 

45 layer, and an injection prevention layer for preventing in- 
jection of holes into the photoelectric conversion layer is 
present between the second electrode layer and the pho- 
toelectric conversion layer. In the above description, the 
relationship between holes and electrons may be re- 

50 versed. For example, the injection prevention layer may 
comprise a p-type layer. In this case, in the above em- 
bodiment, when other arrangement portions are consti- 
tuted by reversing the applk:ation directions of the volt- 
ages and electric fields, the same operations as de- 

55 scribed above can be attained. Furthermore, the photo- 
electric conversion semiconductor layer need only have 
a photoelectric conversion function of generating elec- 
tron-hole pairs upon Incidence of light. The layer struc- 
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ture of the photoelectric conversion semiconductor layer 
is not limited to a single-layer structure but may be a mul- 
ti-layered structure. Also, the characteristics of the pho- 
toelectric conversion semiconductor layer may continu- 
ously change. 

Similarly, the TFT need only comprise a gate elec- 
trode, a gate insulating film, a semiconductor layer which 
can form a channel, an ohmic contact layer, and a main 
electrode. For example, the ohmic contact layer may 
comprise a p-type layer. In this case, the control voltage 
for the gate electrode may be inverted, and holes may 
be used as carriers. 

Similarly, the capacitor need only comprise a lower 
electrode, an intermediate layer including an insulating 
layer, and an upper electrode. For example, even when 
the capacitor Is not specially isolated from the photoe- 
lectric conversion element or the TFT, the capacitor may 
commonly use the electrode portions of the respective 
elements. 

Furthermore, the entire portion of the insulating sub- 
strate need not consist of an insulating material. For ex- 
ample, an insulating material may be deposited on a con- 
ductor or a semiconductor. 

Since the photoelectric conversion element Itself 
has a function of storing a charge, an integral value of 
light information for a predetermined period of time can 
be obtained without arranging any special capacitor. 

The image input/output apparatus of the present In- 
vention is not limited to one described in the above em- 
bodiment, and modifications and comblnatfons may be 
made within the scope of the invention. For example, the 
image input/output apparatus need only comprise a 
two-dimensional Image input unit (reading means) dis- 
posed on one surface, image processing means for 
processing an image input by the image input unit, and 
a two-dimensional image output unit (display means) 
disposed on the other surface as a rear surface with re- 
spect to the one surface. 

Therefore, the two-dimensional image input unit 
(reading means) is not limited to the above-mentioned 
amorphous silicon image sensor which allows the man- 
ufacture of a low-cost, large-screen sensor, but may 
comprise a crystallite or polycrystalline silicon image 
sensor which allows high-speed reading, or an infrared 
or ultraviolet ray sensor which allows detection using in- 
frared or ultraviolet rays as a light source. 

Similarly, the two-dimensional image output unit is 
not limited to the liquid crystal display which allows the 
manufacture of a low-cost, large-screen display, but may 
comprise a flat-panel CRT which allows a display with 
higher definition, or a plasma display which allows a 
brighter display. 

This embodiment has no recording means such as 
a printer. However, recording means such as a printer 
can be easily arranged in the image input/output appa- 
ratus of the present Invention. 



[Effect of the Invention] 



As described In detail above, according to the 
present invention, an image Input/output apparatus 
s which can realize size and cost reductions can be pro- 
vided. 

According to the present invention, an image In- 
put/output apparatus which can read an image while 
confirming image information read by an image input unit 
10 or image infomnation to be read on an original can be 
provided. 

In addition, according to the present invention, an 
image input/output apparatus which can display image 
Information read by the Image input unit on the image 
'5 output unit in real time can be provided. 

Furthermore, according to the present invention, an 
image input/output apparatus which can greatly improve 
operability as compared to a conventional apparatus can 
be provided. 

20 Moreover, according to the present invention, an im- 
age input/output apparatus which has an electronic 
loupe function of displaying a read image in an enlarged 
scale can be provided. 

Furthermore, an image input/output apparatus of the 
^5 present invention can realize size and cost reductions of 
the entire apparatus since a two-dimensional image In- 
put unit (reading means) is disposed on one surface and 
a two-dimensional image output unit (display means) is 
disposed on the other surface as a rear surface with re- 
30 spect to the one surface, and can be placed on an orig- 
inal with an image input surface facing down and an im- 
age output surface facing up and can display read image 
information on the image output surface as the upper 
surface in real time since the Image input and output sur- 
3S faces are different from each other, thus greatly improv- 
ing operability. 

Since the photoelectric conversion element in the 
image input unit of the present invention has the 
above-mentioned arrangement, the amount of incident 
40 light can be detected by only one injection prevention lay- 
er, processes can be easily optimized, the yield can be 
improved, and the manufacturing cost can be reduced. 
For these reasons, a low-cost image input unit with a high 
S/N ratio can be provided. Since a first electrode layer, 
4S an insulating layer, and a photoelectric conversion sem- 
iconductor layer do not utilize the tunnel effect or 
Schottky barrier, electrode materials can be freely select- 
ed, and the thickness of the insulating layer and other 
control parameters have high degrees of freedom. The 
^ photoelectric conversion element has good matching 
characteristics with a switch element such as a thin film 
field effect transistor (TFT) and/or a capacitor element to 
be simultaneously formed. In addition, these elements 
have the same film structure. For this reason, these el- 
55 ements can be simultaneously formed. Furthermore, 
since the important film structure of both the photoelec- 
trte conversion element and the TFT can be simultane- 
ously formed in a single vacuum state, the image input 
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unit can have a higher S/N ratio and lower cost. Since 
the capacitor includes an insulating layer in its interme- 
diate layer, and can be f ornned with good characteristics, 
a high-pertormance image input unit which can output 
the integral value of optical Information obtained by a plu- s 
rality of photoelectric conversion elements with a simple 
arrangement can be formed. 



Claims 

1. An image input/output apparatus which comprises 
a two-dimensional image input unit, an image 
processing circuit for processing an image input by 
said image input unit, and a two-dimensional image is 
output unit for displaying image data processed by 
said image processing circuit, 

characterized In that said image Input unit is 
disposed on one surface, and said Image output unit 
is disposed on a surface opposite to the one surface 20 
on which said image input unit Is disposed. 

2. An apparatus according to claim 1 , characterized by 
further comprising storage means for storing an 
image input by said image input unit, or storage 2S 
means for storing an image processed by said 
image processing circuit. 

3. An apparatus according to claim 1 or 2, character- 
ized by further comprising an illumination device. 30 

4. An apparatus according to claim 3, characterized in 
that said Illumination device is used common to said 
Image input unit and said image output unit. 

3S 

5. An apparatus according to claim 3, characterized in 
that said Illumination device is provided to each of 
said image input unit and said image output unit. 

6. An apparatus according to claim 3. 4 or 5, charac- 40 
terized in that said illumination device comprises a 
light source and a light guide member. 

7. An apparatus according to claim 6. characterized in 
that said light guide member has a diffusion region. 4S 

8. An apparatus according to claim 6, characterized by 
further comprising a sheet having a diffusion region. 

9. An apparatus according to claim 1 , characterized in so 
that said image processing circuit has a function of 
enlarging Irriage data. 

10. An apparatus according to claim 1 , characterized In 
that said image input unit comprises photoelectric ss 
conversion elements arranged in a matrix. 

11. An apparatus according to claim 10, characterized 



in that each of said photoelectric conversion ele- 
ments comprises a first electrode layer, a first insu- 
lating layer for preventing passage of a earner of a 
first conductivity type and a carrier of a second con- 
ductivity type different from the first conductivity 
type, a photoelectric conversion semiconductor 
layer, a second electrode layer, and an injection pre- 
vention layer which is formed between said second 
electrode layer and said photoelectric conversion 
semiconductor layer to prevent injection of the car- 
rier of the first conductivity type to said photoelectric 
conversion semiconductor layer. 

12. An apparatus according to claim 11, characterized 
in that each of said photoelectric conversion ele- 
ments comprises a switch element which applies an 
electric field to the photoelectric conversion element 
in a direction to guide the carrier of the first conduc- 
tivity type from said photoelectric conversion semi- 
conductor layer to said second electrode layer in a 
refresh operation, applies an electric field to the pho- 
toelectric conversion element to cause the carrier of 
the first conductivity type generated in response to 
light incident on said photoelectric conversion sem- 
iconductor layer to stay in said photoelectric conver- 
sion semiconductor layer and to guide the carrier of 
the second conductivity type to said second elec- 
trode layer in a photoelectric conversion operation, 
and detects the carrier of the first conductivity type 
stored in said photoelectric conversion semiconduc- 
tor layeror the carrier of the second conductivity type 
guided to said second electrode layer in the photo- 
electric conversion operation as an optical signal, 
and 

said apparatus further comprises a photoelec- 
tric conversion device in which said switch elements 
are connected in units of said photoelectric conver- 
sion elements, said photoelectric conversion ele- 
ments are divided into a plurality of blocks, and said 
switch elements are operated in units of blocks to 
detect optical signals. 
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